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Mechanical strengthening of ground to decrease rut-formation in forwarding
Lately, considerable attention has been paid on the environmental effects of wood
harvesting.  New  reasons  for  this  are  the  general  stressing  of  the  meaning  of
environmental and aesthetic values. Even earlier the losses caused by logging on tree
growth and wood production received some attention. Those losses are mainly the
result  of  compaction  of  the  soil,  and  damage  to  the  tree  root  systems.  Logging  may
also have some influence on water flow in the ground. Most often logging during the
snow-free season causes damage only to small soft patches of non-bearing ground, or
to places, where the ground is exposed to much traffic, e.g. on main forwarding tracks
or near to the landings. In the year 2000 in Finland, only 2.7% of tracks used in
logging had ruts deeper than 10 cm. This figure is based on a large follow-up survey
made  by  the  Forestry  development  center  (Tapio)  covering  the  whole  country.  This
supports the idea, that one might use some temporary mechanical means to strengthen
the bearing capacity of ground in such places, which are not strong enough for forest
machine traffic.
The aim of this study conducted in Kainuu (North-eastern part of Finland) was:
1) to find out more detailed information on the amount of damage caused by thinning
machines,
2) could the damage be avoided by temporary mechanical strengthening of the
ground,
3) how much would the use of those measures cause extra costs in logging. A special
task was also to study;
4) would it be possible to allocate traditional winter logging sites to summer logging
by use of any of these methods.
The alternative means to strengthen the ground in this study were:
1) portable platforms made of lumber,
2) boards made of waste rubber tyres, and
3)  logging waste and other wood (non-commercial) collected from the nearby area.
The results from this inventory covering recently harvested logging sites of the
Kainuu wood harvesting district of the Finnish Forest and Park Service, showed that,
on the logging sites of the thinned stands, 5.1 % of sample plots had ruts deeper than
10 cm (Table 1).
The best indicator to predict rut-formation proved to be the sinking of a steel rod. The
indicators for the site fertility and type (dry mineral soil, swampy mineral soil, pine
swamp  and  spruce  swamp)  explained  rut-formation,  as  well  as  the  type  of  the
forwarding route (main haul road, forwarding track). The regression model created,
explained 48.3 % of the variation in the rut depth.
2Table 1. Distribution of the ground damage in summer logging (percent)
Class  of rut depth Ruts
Team No. 1 2 3 4 deeper
Rut depth, cm < 5 cm 5 – 9.9 cm 10 – 14.9 cm >15 cm than 10 cm
162
163
164
165
166
167
63.8
67.2
63.2
79.8
74.5
84.7
28.9
27.2
30.3
17.0
20.6
14.6
4.6
3.9
6.0
3.2
2.7
0.6
2.6
1.7
0.5
0.0
2.2
0.0
7.2
5.6
6.5
3.2
4.9
0.6
In all 70.5 24.4 3.7 1.4 5.1
A prediction model based on eight factors indicated that 28.6 % of winter logging
sites would have had ruts deeper than 10 cm, if the logging would have been carried
out during a snow-free season (Table 2).
Table 2. Distribution of the predicted ground damage in summer logging (percent)
Class of rut depth Ruts
Team No. 1 2 3 4 deeper
Rut depth, cm < 5cm 5 –9.9 cm 10 –14.9 cm > 15 cm than 10 cm
162
163
164
165
166
167
81.3
72.2
70.7
42.9
38.0
60.0
12.3
18.5
18.6
16.7
22.1
12.5
1.3
5.6
5.5
11.1
15.3
17.5
5.1
3.7
5.2
29.2
24.6
10.0
6.4
9.3
10.7
40.3
39.9
27.5
In all 53.5 17.9 9.7 18.8 28.6
If there is a requirement set so that the amount of ruts deeper than 10 cm are not
allowed to exceed 10 % of the total  length of the forwarding routes,  then one could
have been able to harvest 17.4 % of the winter logging sites in summer (Fig. 1).
Kommentti [M1]: Distribution
of the predicted ground damage in
winter logging sites if logged in
summer, in percent
3Fig. 1. The amount of possible summer logging areas depending on the allowed
ground damage level
It is possible to decrease the level of ground damage by mechanical wooden structures
(portable platforms) both on mineral and peat soils. The use of boards (mats) made of
waste tyres resulted in more damage than the use of portable platforms, but less than
when a reasonable amount of logging waste and other wood (non-commercial)
collected from the nearby area was used. Only wooden platforms were suitable for
crossing a deep peat land section of the route (Table 3).
Table 3. Test results (x = no recording)
Test site Spruce
swamp
Pine
swamp 1
Pine
swamp 2
Pine
swamp 3
Pine
swamp 4
Pine
swamp 5
No. passes 13 10 11 30 3 1
Rut depth, cm
Wooden
platforms
3.9 2.5 6.5 7.7 2.8 0
Tyre mats 21.5 21.9 29.3 x 18.7 x
Logging
waste
25 x x x x x
Control site 36 31.1 x x 15.5 30.3
The biggest problem in the use of portable wooden platforms is the time required to
transport and place the material to the intended areas. The wooden structures also get
easily broken, when there are frequent stumps and stones on the route. The normal
wheel tracks in forwarders cause more damage to the platforms than the special tracks
available for thinning operations. Not using any wheel tracks at all would be the most
suitable  alternative  for  those  platform  operations  however.  The  tyre  mats  best  suit
fine-grained mineral soils, especially sections where much traffic is expected, e.g.
near to the roadside landings. There is seldom enough logging waste in the vicinity to
make a strengthening layer thick enough. However, the ground damage can partly be
avoided on soils with a good bearing capacity by using suitable wheel tracks, by
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4driving without tracks or by leaving logging waste during processing on the
forwarding routes.
The  time  consumed  in  handling  the  portable  platforms  and  tyre  mats  was  tallied.  It
was somewhat faster to place those constructions to the side of the forwarder rather
than to its front. The variable cost in the use of wooden platforms was 0.93 €/m and
that  of  the  tyre  mats  1.19  €/m,  when  placing  them  to  the  front  of  the  forwarder.
Respectively the costs when placing them to the side was 0.69 €/m and 0.89 €/m. The
fixed costs of the wooden platforms calculated per cubic metre of wood forwarded
was 0.37 €/ m3 based on an annual use for transport of 10 000 m3,  16 platforms, an
hourly operating cost of a forwarder of 42 €/h and an interest rate of 6 %.
Corresponding  costs  for  the  12  tyre  mats  were  0.54  €/  m3. Estimated costs for their
use are given in the Table 4.
Table 4. Estimated costs for the use of wooden platforms and tyre mats as a function
of the amount of wood forwarded and the distance to be strengthened
Wood Platforms. Wood Tyre mats,
to be €/m3 to be €/m3
transported, Distance to be strengthened,
m
transported Distance to be
strengthened, m
m3 50 100 150 200 250 m3 50 100 150 200 250
50 1.43 2.87 4.30 5.74 7.22 50 2.08 4.17 5.49 8.34 10.42
100 0.97 1.94 2.92 3.89 4.91 100 1.49 2.98 3.70 5.95 7.44
150 0.82 1.64 2.45 3.27 4.14 150 1.29 2.58 3.10 5.16 6.45
200 0.74 1.48 2.22 2.96 3.75 200 1.19 2.38 2.80 4.76 5.95
250 0.69 1.39 2.08 2.78 3.52 250 1.13 2.26 2.62 4.52 5.65
300 0.66 1.33 1.99 2.66 3.37 300 1.09 2.18 2.51 4.36 5.45
350 0.64 1.28 1.93 2.57 3.26 350 1.06 2.12 2.42 4.25 5.31
400 0.63 1.25 1.88 2.50 3.17 400 1.04 2.08 2.36 4.16 5.20
450 0.61 1.23 1.84 2.45 3.11 450 1.02 2.05 2.31 4.10 5.12
500 0.60 1.20 1.81 2.41 3.06 500 1.01 2.02 2.27 4.04 5.05
So in some cases it is possible to save costs and have a shorter forwarding distance by
use of either wooden platforms or tyre mats. In Fig. 2 one can see the profitability of
their use as a function of a shorter driving distance, when annually 10 000 m3 of wood
is forwarded and when the material is placed to the front of the forwarder. It would be
a little more profitable to place the material to the side of the forwarder. For
interpretation, it would pay to use those, if the case is as above the graphs.
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Fig. 2. The effect of a shorter driving distance to the profitability of using either
wooden platforms or tyre mats
The most important factors affecting the costs in the use of mechanical strengthening
structures, are their initial manufacturing costs, their number, the annual wood volume
harvested with them and their estimated depreciation period. For instance, a 50 €
lower purchase price for each platform would lower the fixed costs by 0.08 €/ m3.
Thus,  the  use  would  pay  on  a  distance  of  more  than  163  m,  if  the  amount  of  wood
would be more then 400 m3. If the annual use would be twice as much, the profitable
driving distance would be 118 m. One may notice when calculating the costs that the
total time of use and the annual amount of wood harvested are kept the same (Table 1
and 2). This is not quite true in all cases, so the real costs in their use might be even
less.
As a rule forwarding in Finland is more profitable during the winter than during the
summer if mechanical strengthening of the ground is required. The pay rates do not
depend on the season at all.
There is also an alternative for the summer transports to construct a forest road over a
low-bearing section. The profitability of a forest road construction, as compared to the
use of wooden platforms, depends on the road construction costs and the future use of
the road. In Fig. 3 the harvesting costs are compared for the case of a forest road
useable during the summer made using wooden platforms. The cost to construct a
forest  road  is  estimated  to  be  4,20  €/m.  One  can  see  from the  graph  that  the  use  of
wooden platforms is more economical than constructing a forest road only, if 261 m3
will be forwarded. If the construction costs for a road would be 6,40 €/m, the use of
platforms would be more economical up to a wood volume of 435 m3. And if the road
cost would be 8,41 €/m, the required wood volume would be 596 m3.
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Fig. 3. Wood harvesting costs when using wooden platforms or a forest road. The cost
to construct a road here is 4,20 €/m.
The study indicated that the use of a mechanical strengthening of the ground for
forwarding is justified in some cases and it can be a more economical solution
compared to normal forwarding or to construction of a forest road.
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